The expression pattern of the fibroblast growth factor receptor Fgf-R1, R2 and R3 genes was studied in the chicken spinal cord using in situ hybridization (ISH). Unlike Fgf-R1 which is widely expressed in motoneurons, Fgf-R3 is expressed in a subset of motoneurons in the medial subdivision of the median motor column (MMCm) that also express Islet-1 and Lim-3. The motoneuron identity of the labelled cells was confirmed by double ISH and by single cell RT-PCR. Interestingly, E3.5 spinal cord motoneurons do not express Fgf-R3, suggesting the expression of Fgf-R3 in motoneurons begins with axonal growth.
Results
Members of the FGF family, which play varied roles in vertebrate development, have been implicated in various aspects of nervous system development such as proliferation, differentiation, axonal guidance and trophic support (Baird, 1994) . FGFs activities are mediated by high-affinity FGF receptors encoded by four genes: Fgf-R1, . The first three genes encode numerous isoforms, each being able to bind several FGFs. In particular, alternative splicing in the second part of the third immunoglobulin loop generates IIIb and IIIc isoforms which have different ligand specificities (Johnson and Williams, 1993) . The first three genes are known to be expressed in the nervous system, but only Fgf-R1 was known to be expressed by motoneurons (Heuer et al., 1990; Gouin et al., 1996) . To gain insight into the roles of FGFs in motoneuron development, the expression patterns of Fgf-R1, R2 and R3 genes were studied in the chicken spinal cord by in situ hybridization (ISH). The IIIc isoforms of Fgf-R1 (Fig. 1A) and Fgf-R3 (Fig. 1C) , but not Fgf-R2 (Fig. 1B) are expressed in spinal cords from E4 to E6. Strong expression of both receptors is observed in the germinal neuroepithelium and only Fgf-R3 is expressed in the floor plate, as already described (Heuer et al., 1990; Peters et al., 1993) . In addition, Fgf-R1 seems to be expressed in all motoneurons (Fig. 1A) , whereas Fgf-R3 expression is restricted to a subpopulation of motoneurons located in the medial part of the spinal cord (Fig. 1C) . To assess whether the IIIb isoforms are also expressed in motoneurons, the IIIb exons of chicken Fgf-R1 and Fgf-R3 were cloned by RT-PCR using degenerate primers. The aminoacid sequences of FGF-R1-IIIb (Fig. 1D) and FGF-R3-IIIb (Fig. 1E ) exhibit, respectively, 93% and 64% similarity to the corresponding mouse proteins. RT-PCR analysis of RNA prepared from purified E5 motoneurons showed that motoneurons do not express IIIb isoforms of either receptor ( Fig. 1G ), whereas they express the IIIc isoforms of both Fgf-R1 (Fig. 1H , lane 2) and Fgf-R3 (Fig. 1H , lane 5).
Motoneuron sub-classes can be distinguished by the combination of the LIM proteins they express (Tsuchida et al., 1994) . To identify the subpopulation expressing Fgf-R3, adjacent transverse sections of E4-E6 spinal cords were hybridized with Islet-1, Lim-3 or Fgf-R3 probes. Typical results from E5 embryos show that Fgf-R3 is expressed in a subset of the Islet-1 positive motoneuron pool in the medial part of the ventral horn all along the spinal cord ( Fig. 2E-G) , with the exception of the lumbar level (Fig. 2H) . Comparison of Fgf-R3 signal ( Fig. 2J) with that of Lim-3 (Fig.  2I ) at the brachial level shows that Fgf-R3 is expressed in a sub-area of the medial subdivison of the median motor column (MMCm) identified by Lim-3. This is in accordance with the absence of Fgf-R3 expression at the lumbar level of the ventral horn (Fig. 2H) , where the MMCm is nearly absent (Tsuchida et al., 1994) . The motoneuron identity of the labelled cells was confirmed by double-ISH. Comparison of Islet-1 staining (Fig. 3A) with that of Fgf-R3 (Fig.  3B ) reveals individual cells co-expressing both genes. That co-expression of Fgf-R3 and Lim-3 can also occur in motoneurons was confirmed by RT-PCR on single purified motoneurons. RNAs prepared from these motoneurons were reverse transcribed and submitted to two successive nested PCR reactions for either Fgf-R3 (Fig. 3C, lane 4) or Lim-3 (Fig. 3C, lane 2) . In motoneurons, Fgf-R3 is not expressed earlier in development (Fig. 2L,N) whereas markers for motoneurons Islet-1 (Fig. 2K) and Lim-3 (Fig. 2M ) are already present. In conclusion, Fgf-R3 expression starts around E4 and is located in a subset of motoneurons in the MMCm, at the time when axogenesis begins.
Methods

In situ hybridization
Radioactive ISH experiments were performed on paraffin sections as described (Lyons et al., 1990 ) using singlestranded DNA probes labelled with [ 33 P]dATP (Philippe et al., 1996) corresponding to the IIIc exons of Fgf-R1 (nt 985-1129), Fgf-R2 (nt 1105-1248) and Fgf-R3 (nt 1063-1204). Both single and double non-radioactive ISH protocols were carried out as described (Philippe and Pollock, 1998) . For the double ISH, the first probe was revealed with Fast Red, the section bleached and the second probe revealed with NBT/BCIP. Islet-1 and Lim-3 cDNAs were obtained from T.M. Jessell (Tsuchida et al., 1994) . A 3) and Fgf-R3 (lanes 4-6). Positive controls from head cDNA (lanes 1 and 4); cDNA from purified E5 motoneurons (lanes 2 and 5) and controls without reverse transcriptase (lanes 3 and 6). chicken Fgf-R3 fragment corresponding to the extracellular domain (nt 290-1238) was used as a probe. Probes were labelled with DIG-UTP or with Fluo-UTP in the case of double ISH.
Isolation and sequencing of FGF-R-IIIb isoforms
Partial cDNAs encoding the IIIb isoforms of the chicken Fgf-R1 and Fgf-R3 were obtained by PCR using degenerate oligonucleotides corresponding to mouse and human IIIb homologous exons. These PCR products were subcloned in pBluescript and sequenced using the sequenase sequencing kit (USB)
RT-PCR analysis
Total RNAs were isolated either from purified motoneurons (Gouin et al., 1996) or from E5 head tissues using the Trizol reagent (Life Technologies). The following specific primers located around the IIIb or IIIc exon boundaries of the FGF-Rs were used: forward primer CCCGA-CAACTTGCCCTACGT and reverse primer GATGAT-CTCCAGGTAGAGG for the chicken Fgf-R1 cDNA; forward primer GATGGGACACCCTATGTCAC and reverse primer CCGAATCATCCATTTCCATCA for the chicken Fgf-R3 cDNA. PCR amplification products were hybridized with internal probes specific for either the IIIb or the IIIc isoforms.
Single cell RT-PCR experiments were performed as described (Geiger et al., 1995) on motoneurons that had been allowed to grow for one day. The following forward and reverse primers were used: (First PCR) GAAGACGG-CAGGTGTTAACA and CCGAATCATCCATTCCATCA for Fgf-R3, TACTGCAAGGAGGATTTCTT and CGG-TTCTGGAACCA(CG)ACC for Lim-3; (second PCR) GATGGGACACCCTATGTCAC and GCTGGTAGCAC-CGTCAGC for Fgf-R3, CAAGGAGGATTTCTTCAAAC and GCACCACCCGCATATCC for Lim-3. 3) and Fgf-R3 (lanes 4 and 5) from RNA purified from one motoneuron, and incubated with (lanes 2 and 4) or without (lanes 3 and 5) reverse transcriptase; lane 1: 100 bp ladder.
